Studies are underway to clarify the molecular mechanisms of dementia. Especially in the case of Alzheimer's disease, 1) some kinds of related molecules have been isolated: amyloid precursor protein, 2) presenilin 1/2, 3,4) tau 5, 6) and others. The disease-generating mechanisms involving these molecules are under vigorous investigation, and it has been found that some kinds of mutations and phosphorylations of these moleculues stimulate formation of neurofibrillary tangles, resulting in Alzheimer's disease. In the case of cerebrovascular dementia, causal mechanisms have also been studied, especially with respect to apoptosis. Although many molecules which are involved in apoptosis have been identified, 7) there is no evidence yet about which factors are specifically involved in vascular dementia. Furthermore, the moleculues involved in non-diathetic dementia with normal aging still remain to be identified.
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We previously demonstrated that chronic hypoperfusion induced by permanent occlusion of the bilateral common carotid arteries (2VO) in rats caused progressive and longlasting cognitive deficits, 8, 9) dysfunction of new information learning in the early stage, and memory loss in the late stage, suggesting that those deficits are due to impairment of memory retention and/or the memory recall process. We also found progressive neuronal damage in the hippocampus and the white matter: neuronal cell loss in the CA1 subfield appeared 4 months but not 1 month after permanent 2VO, and rarefaction of the white matter was observed 1 month after permanent 2VO and markedly increased 4 months after the operation. 10) White matter lesions are common findings in elderly persons and in patients with cognitive impairment. 11) These lesions also appear in vascular dementia 11) and Alzheimer's disease patients, 12) suggesting that this 2VO model is useful for investigating molecular mechanisms of the generation of dementia. We have also reported that a decrease of microtubule-associated protein 2 (MAP-2) and an increase of glial fibrillary acidic protein (GFAP) immunoreactivity are observed at an early stage of 2VO treatment. 13) Since it has been reported that MAP-2 is preferentially associated with dendritic processes as a marker for detection of early ischemic damage 14, 15) and an increase of GFAP-positive cells accompanies reactive changes in astroglia after cerebral ischemia, 16) some kinds of molecular changes appear to occur in this 2VO model. In the present study, we tried to isolate genes related to this neuronal damage using the differential display reverse transcription-polymerase chain reaction (RT-PCR) method, and obtained more than 20 clones which had different expression levels in 2VO-and sham-operated rats. One of these clones, which we called vof-16, has a novel sequence of which the expression is markedly enhanced by 2VO treatment, and may be related to the cognitive impairment after chronic ischemia induced by 2VO. Here, the sequence of vof-16, and its distributions and characteristics are presented. We previously reported some of these findings as an abstract at the 28th Annual Meeting of the Society for Neuroscience. 17) 
MATERIALS AND METHODS

Animals and Permanent Occulusion of Bilateral Common Carotid Arteries
Male Wistar rats (13 weeks old; Japan SLC Inc., Shizuoka) were used. The animals were housed 3-4 per cage for at least 1 week before the experiment. The animals were housed in a room thermostatically maintained at 24Ϯ1°C with constant humidity (55Ϯ5%) and a 12-h light-dark cycle (lights on 07: 30-19:30) and allowed free access to food and water. During the radial maze task, the animals were maintained on a restricted feeding schedule designed to keep their body weight at approximately 85% of the free-feeding level. The surgery was performed as described previously. 9) Briefly, rats were anesthetized with pen-tobarbital-Na (30 mg/kg, i.p.). The bilateral common carotid arteries were exposed and occluded with silk sutures simultaneously in the permanent 2VO group. Another group of sham-operated control animals received the same operation without ligation. RNA Isolation and Differential Display Total RNA isolation from 2VO-or sham-operated rat brain, except for the cerebellum, was performed 18 weeks after the operation using Isogen ® (Nippon Gene, Toyama, Japan), which is a modification of the methods of Chomczynski and Sacchi. 18) After treatment with 1 unit of DNase for 30 min at 37°C, 5 mg of total RNA was used with oligo(dT) anchoring primer and Superscript II (Invitrogen, Rockville, MD, U.S.A.) to make single-stranded complementary DNA (ss-cDNA) in total volume of 20 ml. Differential display PCR (DD-PCR) 19) was carried out in 10-ml reaction mixtures containing 1 ml of template ss-cDNA solution obtained above, 2-base anchored oligo(dT) primer and arbitrary 10-mer primer (1 mM each), dNTPs (2.5 mM) and 2 units of Taq DNA polymerase (Promega, Madison, WI, U.S.A.) in reaction buffer containing 2.5 mM MgCl 2 . Thermocycling was performed using the following protocol: 1) 94°C for 10 min, 2) 30 cycles of 94°C for 1 min, 45°C for 2 min and 72°C for 2 min, and then 3) 72°C for 10 min before cooling to 4°C. The products were resolved by 6% polyacrylamide gel electrophoresis and stained using SYBR gold ® (Molecular Prob Inc., Eugene, OR, U.S.A.). The bands with different levels of expression in 2VO-and sham-treated rats were cut out after photographing the gel taking the picture under a UV transilluminator. The gel slices were heated at 90°C in 100 ml of water for 12 min. Using the supernatant as a template, reamplifying PCR was carried out with the same pair of primers used in the initial reaction. The amplified DNA fragments were purified by electrophoresis in SeaKem GTG ® (Takara, Siga, Japan) agarose gels and by using Easy Trap ® (Takara, Siga, Japan), and subcloned into the pBluescript II KS(Ϫ) vector EcoRV site using a Blunting Kination Ligation kit ® (Takara, Siga, Japan). The resultant insert-containing vector was transfected into competent DH5a cells (Toyobo, Tsuruga, Japan) to isolate and to amplify the clone. The sequence of the clones thus obtained were determined using a sequencer, Hitachi-5500 (Hitachi, Tokyo, Japan).
Verification of Identity between Isolated Clone and Determined Sequence Restriction enzyme cutting sites in the clone were identified based on the nucleotide sequence. The reamplified products and the insert-containing vectors were digested using the appropriate restriction enzymes, and resolved by electrophoresis in 6% polyacrylamide gels. The molecular size estimated based on the electrophoretic mobility was compared with the size predicted from the nucleotide sequence to verify the identity between the isolated/reamplified product and the ligated insert.
Confirmation of the existence of transcripts corresponding to the cloned sequence in the rat brain Three antisense primers and one sense primer were designed based on the nucleotide sequence of the cloned insert (Fig. 2) . Total RNA extraction followed by synthesis of ss-cDNA from the nontreated rat whole brain, except for the cerebellum, was performed as described above. PCR was carried out using the three pairs of primers. The resultant reaction mixtures were resolved by electrophoresis in 6% polyacrylamide gels and the molecular sizes of the DNAs synthesized by PCR were compared with the expected sizes.
Determination of the Sense Sequence Since the isolated sequence was novel, it was necessary to determine which was a sense sequence as we previously reported. 20) In breafly, both forward and backward primers were designed. Two kinds of ss-cDNA were made using the forward or backward primer from brain total RNA. After RNase A/H treatment, each ss-cDNA was used as the template for carrying out PCR with both the forward and the backward primer. If a band of the expected size was found in polyacrylamide gel electrophoresis, the primer used in the ss-cDNA synthesis was antisense with respected to the RNA. On the other hand, no band of the expected size could be found in the gel when the sense primer was used in the ss-cDNA synthesis.
Distribution of the Isolated Clone in the Rat Brain: The PCR Detection A non-treated rat was decapitated and the whole brain was removed and used to isolate the following areas: striatum, hippocampus, cerebral cortex and hypothalamus. Total RNA was extracted and used to make sscDNA from each area as described above. PCR was carried out using the sense primer and antisense primer (shown in Fig. 2) .
In Situ Hybridization Digoxigenin-labeled antisense cRNA probe was made using the insert-containing pBluescript vector as a template. The vector has T3 and T7 primer reacting sites at both ends of the cloning site. The fact that T7 RNA polymerase produced the antisense cRNA probe was verified by determining the sense sequence (see above). The insert-containing vector was cut by HindIII to make the antisense probe. The reactions to make the probe were performed essentially as described previously, 21) except for the use of the digoxigenin-conjugated UTP to label the probe. The incubation mixture contained HindIII-cut insert-containing vector as a template, 10 mM dithiothreitol, 0.2 mg/ml BSA, ATP, CTP and GTP at 1 mM each, 0.65 mM UTP and 0.35 mM digoxigenin-conjugated UTP (Roche Diagnostic, Mannheim, Germany) and T7 RNA polymerase (Gibco, Rockville, MD, U.S.A.) in 20 ml of reaction buffer. After incubation for 60 min at 37°C, the reaction mixtures were further incubated with 0.1 mg/ml DNase I for 15 min, and then ethanol precipitated in the presence of 0.4 M LiCl and 25 mM EDTA. The resultant cRNA was incubated in hydration buffer (80 mM NaHCO 3 , 60 mM Na 2 CO 3 , 6 mM dithiothreitol) at 60°C to generate fragments of about 200-300 bp. The reaction was terminated by adding 0.3 M sodium acetate and 0.25 mg tRNA, and the product was precipitated with ethanol. The pellet was redissolved in sterile water and stored at Ϫ80°C. T3 RNA polymerase was similarly used to make the sense probe from the BamHI-digested insert-containing vector as a template.
To prepare histological sections, a non-treated rat was killed by decaptation, and the brain was removed, immediately frozen using powdered dry ice and stored at Ϫ80°C for 1 d. Frozen brain was cut into sections (16 mm) using a cryostat, mounted onto gelatin-coated slides, and air-dried. Before hybridization, sections were fixed with 4% (w/v) paraformaldehyde in phosphate-buffered saline (PBS) for 15 min, treated with by 0.5 mg/ml proteinase K, and acetylated. The sections were dehydrated through a graded ethanol series, placed in chloroform to remove fat, rinsed with 100% ethanol and dried. After prehybridization, the sections were hybridized overnight with digoxigenin-labeled probe in hybridization buffer consisting of 5ϫstandard saline citrate (SSC: 150 mM NaCl, 17 mM sodium citrate, pH 7.0), 50% formamide, 2.7ϫDenhardt's solution, 10 mM EDTA, 20 mM dithiothreitol, 0.25 mg/ml tRNA, and 10% dextran sulfate, at 55°C. The hybridized sections were washed with 2ϫSSC at 55°C, treated with 50 mg/ml RNaseA for 30 min, washed with 50% formamide/2ϫSSC at room temperature, dehydrated in ethanol and dried. The digoxigenin-labeled probe hybridized with mRNA was detected immunohistochemically using an alkaline phosphatase-conjugated antidigoxigenin antibody with 450 mg/ml nitroblue tetrazolium and 175 mg/ml X-phosphate as coloring-reaction substrates.
Eight-Arm Radial Maze Task The 8-arm radial maze consisted of an octagonal platform (30 cm across) and eight arms (50ϫ11.5 cm) extending radially from the platform. The maze was elevated 40 cm above the floor. Small cups (3 cm in diameter and 5 mm in depth) were mounted at the end of each arm as receptacles for reinforcer (45 mg of pellets; Bio-Serv, Frenchtown, NJ, U.S.A.). Guillotine-type doors surrounded the platform and controlled access to each arm. Each animal was handled for 5-10 min daily for 2 d and was allowed 5 d for adaptation to the maze. Thereafter, these animals underwent 2VO or the sham operation. Maze learning was started 30 d after the surgical operation. Each rat was placed individually on the central platform with all guillotine doors closed and then all of the doors were opened simultaneously to allow the animal to access the arms freely. Entry into an arm that the rat had not previously visited was recorded as a correct choice and re-entry was counted as an error. The number of errors was used as an index of radial maze performance. The trial was judged when the rat had visited all eight arms or had spent 10 min on the maze. Each rat was tested once daily for 26 d. The data shown are the average of two trials.
Quantitative PCR The total RNA of the rat brain was isolated after testing the learning behaviour. The age of the rats in this experiment was 23 weeks: 9 weeks after the operation and 7 d after finishing the maze task. The ss-cDNA of the hippocampus was made using oligo(dT)primer, and PCR was performed using the following protocol: 1) 94°C for 10 min, 2) 25-32 cycles of 94°C for 1 min, 55°C for 2 min and 72°C for 2 min, and then 3) 72°C for 10 min before cooling to 4°C. The primers used for PCR were the sense and antisense primers shown in Fig. 2 . GAPDH was used as an internal control with forward primer 5Ј-CCAAGGT-CATCCATGACAAC-3Ј and reverse primer 5Ј-TTACTC-CTTGGAGGCCATGT-3Ј, resulting in an amplified product of 527 bp. 22) These two pairs of primers were set in one tube.
The products were resolved by 6% polyacrylamide gel electrophoresis and stained using SYBR gold ® (Molecular Prob Inc., Eugene, OR, U.S.A.).
Northern Blot Analysis Samples containing 20 mg of total RNAs obtained from 2VO brains were fractionated on an 1.2% agarose gel containing 5.5% formaldehyde and 1ϫMOPS buffer (pH 7.0: 20 mM MOPS, 5 mM NaOAC, 2 mM EDTA). The electrophoresed RNAs were transfered to a positive charged nylon membrane (Roche). Fix the RNA to the membrane by UV closelink (120 mJ/cm 2 ). The same antisense cRNA probe used in the in situ hybridization labeled with digoxigenin was generated by in vitro transcription. The membrane was prehybridized and then hybridized according to the manufacturer's protocol (Roche). The results were detected using chemiluminescent CDP star (Roche).
Cloning of the Whole Sequence To identify the whole sequence of vof-16, the rat brain cDNA library inserted into pAP3 neo vector (Takara, Shiga, Japan) was used as template for PCR performance. The PCR reactions were done twice by using the long template PCR system kit (Roche, Mannheim, Germany) in 25 ml reaction mixture containing 0.5 ml cDNA library, 350 mM dNTPs, 1.75 mM MgCl 2 and 2 unit enzyme with primers described in Table 1 . Thermocycling at 1st PCR step was performed as follows: 1) 94°C for 2 min; 2) 10 cycles of 94°C 10 s, 62, 64, 66 or 68°C for 40 s and 68°C for 10 min; 3) 20 cycle in same conditions at step 2) except for the 20 s prolongation of the elongation duration for each cycle; and then 4) 68°C for 10 min before cooling at 4°C. The products were resolved by 6% polyacrylamide gel electrophoresis. The resultant PCR solution which obtain good result was used as a template for nested PCR after 100-fold dilution by water. The PCR conditions were almost same The PCR conditions were almost same as in the first PCR step except for the annealing temperatures were at 57, 59, 61 or 63°C. The following steps were same as differential display; cut out a specific band on the gel, reamplification, ligation and analysing the sequence.
RESULTS
Isolation of Genes Showing Altered Expression in
Response to 2VO-Treatment More than 20 clones of genes whose expression was altered by 2VO-treatment were isolated by differential display RT-PCR using various combinations of 2-base-anchored oligo(dT) primer and arbitrary 10-mer primer under various reaction conditions. Figure 1 shows the results with one combination of primers using 2 animals for sham and 2VO, respectively. The seven bands indicated by closed triangles, whose expression was increased or decreased by 2VO were isolated from this gel, reamplified, Using our original protocol, we decided the sense sequence.
As shown in Fig. 3C , a lane, which use one ss-cDNA made by a primer of one direction, could see a band at estimated molecular size, 360 bp. On the other hand, no band could be seen in another lane which use another ss-cDNA made by another direction's primer. The primer sequence which could see a band was the antisense sequence. The vof-16 nucleotide sequence contained two DdeI restriction enzyme recognition sites (Fig. 2) . The reamplified product and insert-containing plasmid were cut by DdeI to verify the identify between the isolated and ligated sequences. The estimated sizes of the bands of the reamplified products cut by DdeI were 26, 350 and 413 bp. Polyacrylamide gel electrophoresis gave two bands at around 350 and 410 bp ( B) Demonstration of the existence of vof-16 transcripts in rat brain. Rat brain RNA was isolated and used to make single-stranded cDNA by priming with oligo(dT). PCR was then carried out using this ss-cDNA, one antisense primer and three kinds of sense primer (see Fig. 2 vof-16 could be seen in both reamplified product and insertcontaining vector indicates that the reamplified product is indeed inserted into the pBluescript II KS(Ϫ) vector.
One antisense and three sense primers were designed for use in PCR detection based on the sequence information (Fig. 2) . RNA was isolated from naive rat brain and RT-PCR was done using the three pairs of primers. The estimated molecular sizes of the PCR products obtained using sense primers , and were 540, 385 and 120, respectively, which are very close to the predicted sizes. When sense primer was used with antisense primer, the band produced had a size between those of the two molecular markers of 622 and 527 bp, and when sense primers and were used with the antisense primer, the bands had size near those of the markers of 404 and 123 bp, respectively. Figure  4 shows the expression of vof-16 mRNA in various regions of the rat brain as determined by RT-PCR using antisense primer and sense primer . The highest level of vof-16 expression was found in the hippocampus. An almost equally high level was detected in the cerebral cortex. Vof-16 mRNA was also expressed in the striatum and the hypothalamus, although at a lower level than in the hippocampus and the cortex. Detailed information about the vof-16 distribution in the brain was obtained from in situ hybridization using a digoxygenin-labeled antisense cRNA probe made from the vof-16-containinig vector as a template (Fig. 5) . Overall, vof-16 transcripts were widely distributed in the brain. Strong expression was observed in the hippocampus, as was also shown by PCR, and in the piriform cortex, around the aorta (Fig. 5D) . Interestingly, marked expression was found in the tenia tecta (Fig. 5E ). Weak expression of vof-16 was also observed in the habenular nucleus (Fig. 5C ) and the dorsomedial hypothalamic nucleus.
Distribution of vof-16 Transcript in Rat Brain
Relationship between Cognitive Impairment and vof-16
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Fig. 5. In Situ Hybridization Detection of vof-16 mRNA Distribution in Rat Brain
Sections (16 mm) were cut from frozen brains of non-treated rats and hybridized with digoxigenin-labeled antisense vof-16 cRNA probe. The hybridization signal was detected immunohistochemically using an alkaline phosphatase-conjugated antidigoxigenin antibody with nitroblue tetrazolium and X-phosphate as reaction substrates. A: section at around bregma Ϫ2.30 mm, B: section at around bregma 1.70 mm. C, D and E: higher magnification photos at around the habenular nucleus, the aorta and the tenia tecta, respectively. Expression We tested the learning performance of 2VO rats using the 8-arm radial maze task (Fig. 6 ) and then measured vof-16 expression in the same rats using a quantitative PCR method (Fig. 7) to determine whether a relationship exists between the degree of cognitive deficit and vof-16 expression. The vof-16 expression was quantified in individual rats after determination of their learning performance. In all of three sham-operated rats (Nos. 1-3), task performance improved gradually (Fig. 6) . On the other hand, two out of three 2VO rats (Nos. 5, 6) could not learn the task as described our previous reports (Fig. 6) [28, 31] , although rat No. 4 was able to learn the task.
M St Hp Cr Ht
A preliminary examination of the number of cycles suitable for quanitative PCR analysis of vof-16 showed that 26-30 cycles yielded amplification in the logarithmic phase when we used 1 mg of hippocampal total RNA for making the ss-cDNA using oligo(dT) primer (data not shown). The presence of similar amounts of extracted total RNA in all the samples was confirmed by detection of similar GAPDH mRNA levels as an internal standard. Sixteen to twenty PCR cycles were optimal for GAPDH quantification (data not shown). Qantification of the vof-16 expression levels in the hippocampuses of in individual rats whose learning performance is shown in Fig. 6 revealed that almost the same levels of vof-16 expression were observed in rats No. 1-4 ( Fig. 7) , whereas rats No. 5 and 6, which had cognitive impairment after 2VO, showed higher levels of vof-16 expression than non-impaired rats (Fig. 7) .
Cloning of the Whole Sequence The whole sequence of vof-16 was cloned from the rat brain cDNA library by PCR protocol. Before performed this PCR cloning, it was necessary to know the size of the whole sequence. Then the northern blot analysis was carried out. The result indicated that the estimated size of vof-16 mRNA was 2.0 knt (Fig. 8 ). The cDNA library inserted to pAP3 vector was used for primary and nested PCRs with primer pairs for vector and isolated vof-16 partial sequence. The clarified whole sequence of vof-16 was 2098 nt with 15 nt poly(A) signal. This sequence was registered and got an accession No. NM147207.
DISCUSSION
We isolated a cDNA for a novel gene vof-16, and determined the whole sequence of 2098 nt from the cDNA library.
The expression of vof-16 was enhanced by 2VO-induced permanent ischemia. RT-PCR using three pairs of primers designed based on the vof-16 cDNA sequence yielded only a each single band with the expected molecular size using each pair of primers. These results verified that vof-16 transcripts indeed existed in the rat brain.
In situ hybridization showed that the expression level of vof-16 is high around the border between the ventricle/aorta and parenchyma, i.e. in the area around the aorta, piriform cortex, tenia tecta and habenular nucleus, leading us to speculate that vof-16 may have a transporter-like uptake function for substance(s) from the cerebrospinal fluid. We often got partial homologous to those of some transporters, for example the 5130-bp sequence of the neutral and basic amino acid transporter, 23) when we examined the factors whose expression was enhanced by 2VO using the RT-PCR differential display method (data not shown). Vannucci et al. 24) reported that cerebral hypoxia-ischemia for 2.5 h in the 7-d old rat changes the level of gene expression of the types 1 and 3 glucose transporters. Lee and Bondy 25) also demonstrated that the level of the type 1 glucose transporter mRNA is increased by middle cerebral artery occlusion in both glial cells and neurons, especially in the cells of the piriform cortex, dentate gyrus and medial habenular nucleus.
Although transporter proteins are usually long and have 13 transmembrane domains, the estimated protein of vof-16 was only 74 amino acid and had no transmembrane domain. The coding region of vof-16 was estimated from possition 212 to 433. Vof-16 may not work as a transporter directly, although it can not be ruled out to have some regulatory mechanisms.
High levels of the vof-16 mRNA were detected in the tenia tecta, which is involved in hippocampal remnants. It has been reported that accumulation of cholinergic fibers and localization of mRNA for neurotrophic factors 26) are observed in the tenia tecta of adult but not fatal rodents. 27, 28) Since the cholinergic neurons and neurotrophic factors seem to be important for memory, [29] [30] [31] the tenia tecta may be an essential area for learning performance. It has, however, been reported that the tenia tecta (ϭthe indusium grisecum) is resistant to factors that trigger production of abnormal Alzheimer's disease-associated proteins, such as b-amyloid, tau and ubiquitin, 32) suggesting that the tenia tecta is not involved in Alzheimer's disease. Thus, it will be of much interest to de- RNA was isolated at 60 d after operation from the hippocampus of individual rat whose learning performance is shown in Fig. 6 . RT-PCR of 27, 28 and 29 cycles was carried on using two pairs of primers in one tube: antisense and an sense primer for vof-16, and sense and antisense primers for GAPDH. termine in the functional details of the tenia tecta and the involvement of vof-16 in learning performance.
The most interesting finding of the present study was that vof-16 expression is enhanced in the brains of 2VO rats with cognitive impairment. We have previously reported that 2VO induced cognitive impairment as revealed by the 8-arm radial maze task, which is generally considered to measure working memory 8, 9, 13, [33] [34] [35] [36] small proportion of 2VO rats do not show cognitive impairment like rat No.4 in Fig. 6 , but defective 2VO treatment is not the reason for this lack of impairment, since the arteries were occluded at two points and normally adhesion could be observed within only a few days at the occluded area. We have often observed that the 2VO-induced impairment of performance is progressive, and the degree of impairment depends on the ischemic duration. The vof-16 cDNA was isolated from the 4-month ischemic rat brain (Fig.  1) , whereas we used the 2VO rats 9 weeks after operation to measure the vof-16 expression and learning performance (Figs. 6, 7) . Nine weeks of ischemia may not have been long enough to show impairment in the case of rat No.4. In other words, it may be necessary for long time hypoperfusion state to be dementia. Interestingly, the results shown in Fig. 7 suggest that cognitive impairment after ischemic treatment may be related to the elevation of vof-16 expression. Futher experiments will be necessary to determine the time course of vof-16 expression after 2VO and to clarify the details of the relationship between vof-16 and cognitive impairment.
It has been reported that expression of many kind of genes is altered by brain ischemia. Koistinaho and Hokfelt 37) note in their review that more than 80 different mRNAs have been found to be induced by brain ischemia, and many of them seem to play roles in neuronal survival. The differential display method we used in the present study has been used to detect many genes whose expression levels change in the ischemic brain. In the transient ischemic gerbil brain, elevation of the following factors has been reported: an ADP-ribosylation factor like gene which is involved in vesicle transport between the endoplasmic reticulum and Golgi complex, 38) zinc transport gene ZnT-1 39) and serine protease inhibitor SPI-3 homologues. 40) From the brains of rats with transient ischemia, the basic helix-loop-helix transcription factor SEF-2, 41) mammalian splicing factor 1/human zinc finger motif 1 analog 42) and heat shock protein family irp94 43) were cloned using this method and shown to have elevated expression in the early stage after ischemia/reperfusion. Although transient ischemia models are useful for cloning functional factors, reperfusion and the subsequent events, especially the abnormal influx of Ca 2ϩ into the cells immediately after reperfusion, seem to be other strong stimuli in addition to ischemia for gene induction. In 2VO rats, we previously found that white matter rarefaction was observed 4 months after the operation. 10, 34) Cerebral white matter lesions are a common finding in elderly persons 11, [44] [45] [46] and a relation between white matter lesions and cognitive impairment is found in aged people, 11, 47, 48) suggesting that the 2VO rat may be a useful model for cloning the intrinsic factors concerned with dementia. In fact, the factor vof-16 cloned in this study may be a related to the impairment of learning performance. Wang et al. 49) cloned adrenomodulin from the brains of rats with permanent middle cerebral artery occlusion by a differential display method. This factor is expressed even at the early stage, after only 3 h of occlusion, and continues to be expressed at a high level for up to 15 d. Vof-16 was cloned from the brain 4 months after occlusion and was found to be highly expressed in the brains of rats with cognitive impairment at 9 weeks (2 months) after 2VO. It is interesting to determine the levels of expression of vof-16 at early stages and to isolate other functional factors concerned with dementia from the early stage of occlusion in order to discover relevant molecular mechanisms and novel therapeutic targets.
In conclusion, we cloned a novel factor termed vof-16 from the 2VO rat brain by an RT-PCR differential display method. Although it remains necessary to do the further studies for understand its function, the present findings indicate that the level of expression of vof-16 may be related to the cognitive impairment after chronic hypoperfusion by 2VO.
